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ABSTRACT
Objective: To compare the alignment efficiency, arch dimensional changes, and passive extraction space closure between

between self-ligating brackets (SLBs) and conventional brackets (CBs).

Materials and Methods: This randomized controlled trial on 70 participants (13–30 years) with moderate to severe crowding,

skeletal Class I or mild to moderate Class II malocclusions, all requiring premolar extractions, who were randomly assigned to CB

(n= 35) or SLB (n= 35) groups. Baseline age, gender, crowding, and malocclusion type were recorded. Standardized 0.022-inch

MBT brackets were bonded, with alignment started using 0.014-inch nickel-titanium (NiTi) archwires and monthly follow-ups.

Outcomes—Little’s Irregularity Index, intercanine and intermolar widths, and passive extraction space closure—were measured

on blinded casts at baseline, 3, 6, and 9 months using digital calipers, with no active space-closing auxiliaries. Data were analyzed

using linear mixed-effects models with repeated measures and covariates; regression coefficients with 95% CIs were reported, and

p≤ 0:05 was considered significant.

Results: Over the 9-month observation period, both groups showed substantial improvement in alignment. SLBs demonstrated

faster early alignment, with greater reductions in Little’s Irregularity Index at 3 months in both arches (maxilla: β=−0.91, p <0:001;

mandible: β=−0.60, p¼ 0:009), and in the maxilla at 6 months (β=−0.66, p¼ 0:005). Intercanine width increased in both groups,

but expansion was consistently smaller with SLBs (β=−1.36 to −1.69mm; all p <0:001). In contrast, intermolar width was greater

with SLBs throughout follow-up in both arches (maxilla: β= 2.34–2.77mm; mandible: β= 2.06–2.34mm; all p <0:001). Passive

extraction space closure decreased significantly over time in both groups, with no significant effect of bracket type.

Conclusion: SLBs showed smaller increases in intercanine width, greater intermolar expansion, and faster early alignment.

However, passive space closure was similar between groups. Differences were modest and may have limited clinical significance.

Trial Registration: Retrospectively registered at ClinicalTrials.gov (NCT07503314)

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | Introduction

The goal of orthodontic treatment is to place teeth in esthetically
pleasing, functionally efficient, and stable position [1]. Proper
selection of the appliance is necessary to achieve the required
precise control of tooth movement, preserve arch form, and
reduce treatment duration [2]. Short treatment duration can
minimize adverse effects such as pain, enamel demineralization,
white spot lesions, and difficulties with oral hygiene [3, 4].

During comprehensive fixed appliances treatment, the control
over arch dimensions, particularly intercanine and intermolar
widths, is critical not only for esthetics but also for long-term
stability [5]. Wider posterior arches are generally considered
more attractive, may reduce the need for extractions, and provide
a favorable foundation for functional occlusion [6]. Maintenance
of intercanine width is also an important predictor of alignment
stability [7].

Orthodontic treatment typically employs either conventional
brackets (CBs), which use elastic or wire ligatures to secure the
archwire inside the brackets, or self-ligating brackets (SLBs),
which feature a built-in clip or sliding gate mechanism. SLBs
offer key advantages by eliminating the need for certain materials
such as elastomeric modules [8]. This results in several benefits,
including reduced risk of cross-contamination from elastic liga-
tures, consistent full engagement without force loss from elasto-
meric relaxation, potentially lower enamel decalcification due to
fewer plaque-retentive areas, theoretically less friction during
sliding mechanics, and the use of lighter forces that may mini-
mize side effects like root resorption and pain [9].

SLBs were introduced with the idea that eliminating ligature ties
reduces friction between the archwire and the bracket slot, cre-
ating a relatively frictionless environment [10]. This design is
intended to facilitate smoother sliding mechanics, allowing teeth
to move more freely along the archwires. As a result, alignment
can progress faster, especially during the early stages of treat-
ment, while lighter forces may improve patient comfort [11].
SLBs may also exert a significant influence on arch dimensions.
By minimizing friction and permitting more unrestricted tooth
movement, these appliances may help maintain intercanine
width, thereby reducing the risk of constriction or severe expan-
sion and hence reduce post-treatment relapse. It is also claimed
that the posterior segments can undergo more controlled lateral
expansion, resulting in increased intermolar width. Such modi-
fications can enhance both esthetic wider arches and high occlu-
sal stability, while potentially decreasing the need for tooth
extractions or interproximal reduction [12]. In extraction cases,
passive space closure is a key phase of orthodontic treatment. The
reduced friction associated with SLBs may facilitate more effi-
cient and predictable mesial movement of posterior teeth without
the use of active auxiliaries, thereby promoting controlled space
closure and potentially shortening the overall treatment dura-
tion [13].

Despite the widespread clinical use of SLBs, the advantages
attributed to these systems over CBS, particularly in relation to
alignment efficiency, transverse arch changes, and space man-
agement, remain uncertain. The available evidence is inconsis-
tent and often dependent on clinical context. Many earlier

studies have primarily examined nonextraction cases, short
observation periods, or single outcome measures, which limits
the applicability of their findings to routine orthodontic practice
where extractions, space closure, and transverse changes com-
monly occur together. The influence of bracket design on inter-
canine width, intermolar width, and passive extraction space
closure therefore remains insufficiently understood, particularly
when important variables such as malocclusion type, baseline
crowding, and treatment mechanics are controlled [3, 14–16].
Previous network meta-analyses included highly heterogeneous
studies with different malocclusions, extraction and nonextrac-
tion cases, treatment mechanics, bracket systems, and follow-up
periods, which may mask subgroup-specific effects [17]. In con-
trast, the present study focused exclusively on extraction crowd-
ing cases managed with a standardized protocol, fixed review
intervals, and uniform archwire progression. A key novel aspect
was the prospective measurement of passive extraction space
closure during the leveling phase without active auxiliaries,
allowing the independent influence of the bracket design to be
assessed. Repeated assessments at baseline, 3, 6, and 9 months
also enabled evaluation of the pattern and timing of early align-
ment and transverse arch changes, providing more clinically rel-
evant evidence for extraction-based orthodontic treatment.

The present study was undertaken to provide a longitudinal com-
parison of SLBs and CBs in a well matched extraction cohort,
with concurrent evaluation of alignment efficiency, transverse
dimensional changes, and passive space closure within the
same population. By assessing these clinically relevant outcomes
at multiple time points using adjusted regression analyses, this
study aims to determine whether the proposed biomechanical
advantages of SLBs translate into meaningful and sustained dif-
ferences in treatment response, thereby guiding evidence based
bracket selection in contemporary orthodontic practice.

2 | Methodology

2.1 | Study Design and Trial Registration

This single-blind, parallel-arm, prospective randomized con-
trolled trial was conducted at XXX from February 1, 2024, to
June 25, 2025, in accordance with CONSORT guidelines. Ethical
approval was obtained from the institutional review committee
of the University of Lahore prior to participant recruitment (Ref
No: UCD/ERCA/20/11a). The trial was retrospectively registered
at ClinicalTrials.gov (NCT07503314). Final statistical analyses
were conducted after registration.

2.2 | Sample Size Calculation

Sample size was calculated using a two-sample comparison of
means with a significance level of 5% (α= 0.05) and 80% power.
Based on post-treatment maxillary intermolar width values
reported by Pandis et al. [18], with a mean of 44.64mm (SD
2.74) in the CB group and 46.25mm (SD 1.72) in the self-ligating
bracket group, the expected mean difference was 1.61mm with a
pooled standard deviation of 2.29mm. This yielded a required
sample of 32 participants per group (64 total). To account for
possible attrition, the final sample size was increased to 70 parti-
cipants (35 per group). As reliable extraction case data for
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alignment outcomes were limited at the time of protocol devel-
opment, intermolar width was used as the reference variable for
sample size estimation.

2.3 | Patient Recruitment and Eligibility Criteria

Non-probability consecutive sampling was used to recruit 90 eli-
gible participants whomet the inclusion criteria from the Depart-
ment of Orthodontics, University Dental Hospital, University
College of Medicine and Dentistry, University of Lahore.

The inclusion criteria were patients aged 13–30 years of either
gender, presenting with moderate (4–8mm) or severe (>8mm)
dental crowding, skeletal Class I (ANB= 0–20) or mild to moder-
ate skeletal Class II malocclusions (ANB= 3–50), and normal or
vertical growth patterns (FMA= 22–280). Only patients with
good oral hygiene, defined as a plaque index≤ 1 according to
Silness and Löe, were included. As one of the study outcomes
was passive space closure, only first premolar extraction cases
were selected.

Patients were excluded if they had a history of previous ortho-
dontic treatment, requiring asymmetric extractions, systemic dis-
eases (e.g., diabetes or osteoporosis), or were taking medications
known to affect bone metabolism or healing (such as corticoster-
oids or bisphosphonates). Individuals with cleft lip and palate or
other craniofacial anomalies and those with congenital absence
of teeth other than third molars were also excluded. Low-angle
(hypodivergent) cases were omitted to minimize biomechanical
variability as differences in bone density and muscular strength
in such patients may alter the rate and pattern of orthodontic
tooth movement, thereby confounding intergroup comparisons.

2.4 | Randomization and Allocation Concealment

A total of 90 patients scheduled for fixed appliance treatment
were identified from the appointment register and assessed for
eligibility. Following a detailed clinical examination, 18 patients
did not meet the inclusion criteria and were excluded. Two addi-
tional eligible patients were excluded because they relocated
abroad before treatment could commence. The remaining 70
participants were enrolled and randomized. Randomization
was performed using IBM SPSS Statistics. A simple randomiza-
tion method was used to allocate the remaining 70 participants
into two equal groups (1:1 ratio): Group 1 (SLBs) and Group 2
(CBs). The random allocation sequence was generated using
computer-produced random numbers by an independent
researcher who was not involved in treatment delivery or out-
come assessment. Allocation concealment was ensured using
sequentially numbered, opaque, sealed envelopes containing
group assignments. The envelopes were prepared by the indepen-
dent researcher, stored in a secure, locked cabinet, and opened
sequentially by the study coordinator only after completion of
baseline records and confirmation of eligibility. Because of the
nature of the interventions, blinding of the operator and partici-
pants was not feasible. However, outcome assessment and data
analysis were performed under blinded conditions. The examiner
responsible for model measurements was unaware of bracket
type and group allocation. Brackets were masked on study mod-
els using beading wax (Figure 1).

2.5 | Pretreatment Assessment

Baseline characteristics, including age, sex, amount of initial
crowding, and malocclusion type were recorded for all partici-
pants. At baseline (T0), alginate impressions and intraoral photo-
graphs were obtained for all subjects. Dental casts were poured
using Type III dental stone. First permanent molars in both
arches were banded at the start of treatment. Following comple-
tion of the alignment phase, a transpalatal arch fabricated from
0.036-inch stainless-steel wire was inserted in the maxillary arch
to reinforce anchorage during the subsequent working stage.
Little’s Index of Irregularity, intercanine width, and intermolar
width were measured on study casts using digital calipers (Series
600- Manual, Absolute Digimatic; Auto Motor Zuberhor, Hann-
over, Germany).

2.6 | Interventions

In Group 1, Empower 2 brackets (0.022-inch slot, MBT prescrip-
tion; self-ligating bracket American Orthodontics, Sheboygan,
WI, USA) were bonded, whereas Group 2 was bonded with Equi-
librium 2 brackets (0.022-inch slot, MBT prescription; CBs, Den-
taurum, Ispringen, Germany). The SLBs used in this study were
interactive, remaining passive during the initial alignment and
becoming active during the leveling phase. Brackets were bonded
on the labial surfaces of teeth up to the second premolars in both
arches using Transbond XT light-cured adhesive (3M Unitek,
Monrovia, CA, USA), following the manufacturer’s instructions
and under standardized bonding conditions.

Alignment was started with a 0.014-inch NiTi archwire (TruFlex,
Ortho Technology Inc., Tampa, FL, USA) cinched at both distal
ends. Passive stainless-steel lacebacks (0.010-inch wire) were
placed between the canine and molar in each quadrant to control
canine position during alignment and were not activated to pro-
duce canine retraction or space closure. Patients were reviewed at
4-week intervals for activation. Data were collected at four time
points: baseline (T0), 3 months (T1), 6 months (T2), and 9 months
(T3). At each interval, impressions of both arches were obtained
after blocking out the brackets with beading wax to facilitate cast
removal and ensure concealment of bracket type for blinded
model assessment. If alignment was completed before the 9-
month period, data collection was concluded at the visit corre-
sponding to full alignment, and no further impressions were
taken.

Throughout the observation period, overjet, overbite, molar rela-
tionship, and oral hygiene were routinely monitored to ensure
uniform treatment progress. The standardized archwire sequence
during the leveling and alignment phase included 0.014-inch,
0.016-inch, and 0.018-inch round NiTi wires, followed by 0.016
× 0.022-inch rectangular NiTi and 0.019× 0.025-inch rectangular
stainless-steel wires (TruForce, Ortho Technology Inc., Tampa,
FL, USA). No elastic band or power chains were used for space
closure during the leveling and alignment stage.

All treatments were performed by Fellowship of College of Phy-
sicians and Surgeons Pakistan (FCPS) orthodontic residents with
a minimum of 2 years of clinical experience. Before trial initia-
tion, all operators underwent calibration sessions to ensure con-
sistency in bonding protocol, archwire progression, and ligation
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method across both groups. The operators were also given a
written pamphlet about these procedures.

2.7 | Outcome Measurement

All outcome measurements were recorded by a single calibrated
examiner to ensure consistency and minimize measurement bias.
The primary outcomes were Little’s Irregularity Index, used to
assess alignment, and maxillary intermolar width, used to assess
posterior transverse arch change. Secondary outcomes included
intercanine width and passive extraction space closure.

Measurements were taken at baseline, 3, 6, and 9 months. Study
casts of both the maxillary and mandibular arches were obtained
at baseline (T0), 3 months (T1), 6 months (T2), and 9 months (T3).
The degree of dental alignment was evaluated using Little’s Irreg-
ularity Index. Measurements were performed on all casts using a
digital electronic caliper (Absolute Digimatic Series 600; Auto
Motor Zubehör, Hannover, Germany) with an accuracy of 0.01
Æ 0.02mm. Calibration was performed prior to each measure-
ment session using a standard reference gauge to maintain
precision.

Passive space closure was assessed throughout the alignment
phase. No active space-closing auxiliaries, such as power chains
or nickel–titanium (NiTi) closed-coil springs, were used during
this period to prevent additional biomechanical effects and iso-
late the influence of bracket design on tooth movement.

Extraction space was measured from the nearest reproducible
points on the crowns adjacent to the extraction site. Contact
points were avoided due to potential distortion from rotations
or tipping, and mesiodistal tooth widths were not used because
displacement from the arch form could underestimate space
dimensions.

Intercanine width was measured between the cusp tips of the
canines, while intermolar width was measured between the
mesial occlusal pits of the first molars as these landmarks provide
higher impression fidelity than cusp tips (Figure 2).

All impressions were poured within 30min using Type III dental
stone, and casts were stored in a dry, temperature-controlled
environment until measurement. To assess intraexaminer reli-
ability, 20 randomly selected casts (10 upper and 10 lower)
were remeasured 2 weeks apart. Intraclass correlation coeffi-
cients (ICC) exceeded 0.90 for all parameters, confirming excel-
lent measurement reproducibility.

2.8 | Statistical Analysis

Data were analyzed using R. Descriptive statistics were calculated
for all variables. Categorical variables (e.g., gender and malocclu-
sion type) were summarized as frequencies and percentages,
whereas continuous variables (e.g., age, Little’s Irregularity Index,
intercanine width, intermolar width, and passive extraction space)
were presented as meansÆ standard deviations or medians with

Enrollment
Assessed for eligibility (n = 90)

Randomized (n = 70)

Excluded (n = 20)
• Not meeting inclusion criteria (n = 18)
• Declined to participate (n = 2)

Allocated to conventional brackets (n = 35)
• Received allocated intervention (n = 35)
• Did not receive allocated intervention (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (n = 0 )

Analyzed (n = 35)
• Excluded from analysis (n = 0)

Analyzed (n = 35)
• Excluded from analysis (n = 0)

Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (n = 0)

Allocated to SLB (n = 35)
• Received allocated intervention (n = 35)
• Did not receive allocated intervention (n = 0)

Allocation

Follow-up

Analysis

FIGURE 1 | CONSORT flowchart of participants through the trial.
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interquartile ranges (IQR), according to data distribution. Normal-
ity of continuous variables was assessed using the Shapiro–Wilk
test. Baseline characteristics were described for both groups with-
out formal significance testing in accordance with CONSORT
recommendations. The primary outcomes were Little’s Irregular-
ity Index and maxillary intermolar width. Secondary outcomes
included intercanine width and passive extraction space closure.
Longitudinal changes in outcomes were analyzed using linear
mixed-effects models, with participant identifier included as a ran-
dom intercept to account for repeated measurements within sub-
jects. Fixed effects included treatment group, time, and the group
× time interaction. Age, gender, and malocclusion type were
entered as covariates. Regression coefficients (β) with 95% confi-
dence intervals (CI) were reported. Estimated marginal means
were derived for key between-group comparisons over time. A
two-sided p value <0.05 was considered statistically significant.
Model assumptions were assessed using residual-versus-fitted
and normal Q–Q plots; no major deviations were observed.

3 | Results

3.1 | Model Diagnostic Assessment

Diagnostic assessment of the mixed-effects models demonstrated
no major violations of assumptions. Residual plots showed

acceptable homoscedasticity and approximate normality. For
the LRI model, the ICC was 0.61, indicating substantial within-
subject correlation over repeated measurements (Figure 3).

3.2 | Baseline Data

A total of 70 participants were enrolled, with 35 allocated to the
CB group and 35 to the SLB group. The mean age was similar
between groups (22.4Æ 4.94 years in the CB group and 21.9Æ
4.48 years in the SLB group). Females comprised 54.3% of the CB
group and 62.9% of the SLB group. Class I malocclusion was
present in 45.7% of the CB group and 51.4% of the SLB group,
while the remainder had Class II malocclusion. Baseline demo-
graphic and clinical characteristics were similar in distribution
across groups (Table 1).

3.3 | Changes Over Time in Alignment, Arch
Dimensions, and Passive Extraction Space Closure

Descriptive longitudinal summaries are shown in Table 2. In both
groups, Little’s Irregularity Index progressively decreased from
baseline to 9 months in the maxillary and mandibular arches,
indicating substantial alignment improvement over time. Median
values approached zero by 9 months in both groups, demonstrat-
ing near-complete alignment at the end of the follow-up. At the

FIGURE 2 | Clinical photograph of a participant in the self-ligating bracket group during leveling and alignment after premolar extraction (left) and

study cast used for outcome measurements (right).
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FIGURE 3 | Diagnostic plot for your mixed-effects model for Little’s Irregularity Index.
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interim assessments (3 and 6 months), median irregularity scores
were lower in the SLB group than in the CB group, suggesting
faster early alignment with SLBs. Intercanine width increased over
time in both arches, with consistently larger median values in the
CB group at follow-up, suggesting greater anterior transverse
expansion with CBs. In contrast, the intermolar width was consis-
tently greater in the SLB group at 3, 6, and 9 months in both
arches, indicating a tendency toward greater posterior transverse
expansion with SLBs. Passive extraction space measurements
gradually decreased over time in both groups, reflecting spontane-
ous space closure during the alignment phase. However, median
values remained broadly similar between groups throughout
follow-up, suggesting no clinically meaningful difference in pas-
sive space closure between bracket systems.

3.4 | Mixed-Effects Model Results

Linear mixed-effects models adjusted for age, gender, and maloc-
clusion type confirmed significant improvement in alignment
over time in both arches. In the maxilla, the SLB group demon-
strated significantly greater early reduction in Little’s Irregularity
Index at 3 months (β=−0.91, 95% CI −1.37 to −0.46) and
6 months (β=−0.66, 95% CI −1.11 to −0.21), with no significant
difference at 9 months. A similar early advantage for SLB was
observed in the mandible at 3 months but not at later time points.
For transverse dimensions, the intercanine width increased sig-
nificantly over time, but the increase was consistently smaller in
the SLB group in both arches. Conversely, the intermolar width
increased significantly more in the SLB group at all follow-up
visits in both arches, supporting greater posterior arch expansion
with SLBs. Passive extraction space closure decreased signifi-
cantly over time in both arches; however, no significant treat-
ment-group effects or group-by-time interactions were observed,
indicating similar rates of spontaneous space closure with con-
ventional and SLBs. Age, gender, and malocclusion type were not
significant predictors for most outcomes.

4 | Discussion

This study compared CBs and SLBs in 70 patients with compara-
ble baseline characteristics. Our findings indicate that SLB was
more effective in maintaining intercanine width, achieving
greater intermolar expansion, and producing a larger reduction
in the irregularity index, whereas no significant differences were
observed between the two bracket systems in passive space
closure.

In the maxillary arch, SLBs demonstrated a significantly faster
early reduction in Little’s Irregularity Index (LII, mm) compared
with CBs. At 3 months, SLBs produced an additional reduction of
0.91mm, corresponding to an estimated time gain of ~1.2 months
(monthly alignment rate: 0.72 mm/month; 0.91 ÷ 0.72≈ 1.25
months). At 6 months, this advantage decreased to 0.66mm,
equivalent to a time gain of about 1 month. By 9 months, the
difference between the bracket systems was no longer statistically
significant, indicating convergence of alignment outcomes over
time (Table 3). Overall, CBs required ~1–1.25 additional months
to achieve comparable maxillary alignment with SLBs.

Similarly, in the mandibular arch, SLBs achieved faster initial
alignment. At 3 months, the additional reduction of 0.60mm
corresponded to an estimated time gain of 0.9 months (0.60÷
0.70≈ 0.9 months) relative to CBs. At six and 9 months, the
differences between bracket systems were smaller and not statis-
tically significant. Overall, CBs required ~0.9 additional months
to reach the same mandibular alignment as SLBs.

These results are in agreement with those reported by Jahanbin
et al. [19], who observed significantly greater improvement in
maxillary alignment during the first 4 months with Damon3
SLBs compared with MBT CBs. In their study, differences in
mandibular alignment were largely restricted to the early phase
of treatment and diminished over time. Similarly, Wahab et al.
[20] found that CBs achieved faster alignment only during the

TABLE 1 | Baseline demographic and clinical characteristics of participants in the SLB and CB groups (n= 70).

Parameter Characteristic
Conventional brackets

(n= 35)
Self-ligating brackets

(n= 35)

Age (years) Mean (SD) 22.4 (4.94) 21.9 (4.48)

Gender Female 19 (54.3) 22 (62.9)

Male 16 (45.7) 13 (37.1)

Malocclusion Class I 16 (45.7) 18 (51.4)

Class II 19 (54.3) 17 (48.6)

Maxilla, Median (IQR) Little’s irregularity index at baseline 7.5 (6, 9) 8 (7, 9)

Intercanine width at baseline (mm) 37 (33, 41.25) 37 (33, 41)

Intermolar width at baseline (mm) 45 (43.5, 47) 44.5 (42, 45.5)

Passive extraction space at baseline (mm) 4 (3.5, 5) 4 (3.25, 4.5)

Mandible, Median (IQR) Little’s irregularity index at baseline 8 (7, 9) 8 (7, 8.5)

Intercanine width at baseline (mm) 31 (27, 35.5) 31 (27, 35)

Intermolar width at baseline (mm) 42 (40.5, 44) 42 (39, 43)

Passive extraction space at baseline (mm) 4 (3.5, 4.5) 4 (3.25, 4.5)
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first month, with no differences observed thereafter, implying
that early treatment mechanics and ligation methods may play
a more important role than the bracket design itself. Other trials
also reported that less time is required to correct irregularity in
SLB than in CBs [21]. Pandis et al. [18] found no overall differ-
ence in the duration required to resolve mandibular crowding
between self-ligating and conventional systems, although a rela-
tive advantage for SLBs was noted in patients with moderate
levels of irregularity, suggesting that the initial severity of crowd-
ing may influence perceived treatment efficiency. In contrast,
other investigations have not demonstrated a consistent benefit
of SLBs. Scott et al. [14] reported no significant differences in
mandibular alignment efficiency between Damon3 and CBs, con-
cluding that the bracket type did not substantially influence the
rate of alignment when confounding factors were adequately
controlled. Evidence from systematic reviews further supports
these observations. The quantitative review by Yang et al. [13]
concluded that SLBs do not offer clear clinical superiority over
CBs with respect to alignment efficiency or overall treatment
duration, despite occasional short-term advantages reported in

individual trials. This suggests that early reductions in Little’s
Irregularity Index associated with SLBs may not necessarily
translate into meaningful long-term clinical benefits.

From a biomechanical perspective, the early alignment advan-
tage seen with SLBs can be attributed to reduced friction during
the initial phase of treatment, allowing more efficient engage-
ment of superelastic NiTi archwires. As treatment progresses
and stiffer, larger-dimension archwires are introduced, frictional
differences between bracket systems become less relevant, which
likely explains the progressive convergence of alignment out-
comes observed at later stages [22].

In our study for intercanine width, no significant difference was
observed between self-ligating and CBs at 3 months in either the
maxilla or mandible. For intercanine width, CBs demonstrated
significantly greater expansion than SLBs throughout the study
period. After adjustment for time, age, gender, and malocclusion,
mixed-effects regression analysis showed significant differences
between the two bracket systems at 3, 6, and 9 months in both the

TABLE 2 | Changes in alignment, arch widths, and passive extraction space closure at various time points in conventional and self-ligating brackets

in both arches.

Arch Variable
Time point
(months)

Conventional brackets
(n= 35) Median (IQR)

Self-ligating brackets
(n= 35) Median (IQR)

Maxilla Little’s irregularity index (mm) 3 6 (5, 6.5) 5 (4, 6)

6 4 (3, 4) 3 (2.25, 4)

9 0 (0, 0.5) 0 (0, 0)

Intercanine width (mm) 3 39 (34, 43) 37 (33.25, 40.75)

6 40 (36, 44.5) 38 (34.5, 41.75)

9 40 (36, 44.5) 38 (34.5, 42.5)

Intermolar width (mm) 3 44 (43.5, 47) 46.5 (44, 49)

6 44 (43.75, 47.5) 46.5 (44.5, 49.5)

9 44.5 (44, 48) 46.5 (44.5, 51)

Passive extraction space closure (mm) 3 4 (3.5, 4.5) 4 (3, 4.5)

6 4 (3.5, 4.5) 4 (3, 4)

9 4 (3.5, 4.5) 4 (3, 4)

Mandible Little’s irregularity index (mm) 3 6 (5, 6.5) 5 (4, 6)

6 4 (3, 4) 3 (2.25, 4)

9 0 (0, 1) 0 (0, 0)

Intercanine width (mm) 3 33 (28, 37) 31 (27, 35)

6 34 (30, 38.5) 32 (28, 36)

9 34 (30, 38.5) 32 (28.75, 36)

Intermolar width (mm) 3 41 (40.5, 44) 44 (41, 46)

6 41 (41, 45) 44 (42, 47)

9 42 (41.5, 45) 44 (42, 48)

Passive extraction space closure (mm) 3 4 (3.5, 4.5) 4 (3, 4.5)

6 4 (3.5, 4.5) 4 (3, 4)

9 4 (3.5, 4.5) 3 (3, 4)
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TABLE 3 | Mixed-effects regression analyses for alignment, arch width changes, and passive extraction space closure in maxillary and mandibular

arches.

Jaw Parameter Predictor Estimate (β) (95% CI) p-Value

Maxilla Little’s irregularity index Intercept 7.53 (6.36 to 8.70) <0.001

Group SLB 0.22 (−0.29 to 0.73) 0.405

Time 3 months −2.17 (−2.49 to −1.85) <0.001

Time 6 months −4.34 (−4.66 to −4.02) <0.001

Time 9 months −7.29 (−7.61 to −6.97) <0.001

Age (years) 0.02 (−0.03 to 0.07) 0.450

Gender (male) 0.16 (−0.28 to 0.61) 0.477

Malocclusion Class II −0.34 (−0.78 to 0.10) 0.137

Group SLB×Time 3 months −0.91 (−1.37 to −0.46) <0.001

Group SLB×Time 6 months −0.66 (−1.11 to −0.21) 0.005

Group SLB×Time 9 months −0.39 (−0.84 to 0.07) 0.096

Intercanine width Intercept 35.86 (30.78 to 40.93) <0.001

Group SLB −0.37 (−2.32 to 1.57) 0.707

Time 3 months 0.27 (−0.23 to 0.77) 0.290

Time 6 months 1.27 (0.77 to 1.77) <0.001

Time 9 months 1.41 (0.91 to 1.92) <0.001

Age (years) 0.05 (−0.16 to 0.26) 0.655

Gender (male) 1.77 (−0.18 to 3.73) 0.081

Malocclusion Class II −1.30 (−3.23 to 0.64) 0.193

Group SLB×Time 3 months −1.36 (−2.07 to −0.65) <0.001

Group SLB×Time 6 months −1.61 (−2.32 to −0.90) <0.001

Group SLB×Time 9 months −1.50 (−2.21 to −0.79) <0.001

Intermolar width Intercept 46.45 (42.96 to 49.93) <0.001

Group SLB −1.01 (−2.35 to 0.33) 0.143

Time 3months −0.17 (−0.55 to 0.21) 0.374

Time 6months 0.13 (−0.25 to 0.51) 0.505

Time 9months 0.39 (0.01 to 0.76) 0.046

Age (years) −0.06 (−0.20 to 0.08) 0.405

Gender (male) 0.48 (−0.86 to 1.83) 0.483

Malocclusion Class II −0.39 (−1.72 to 0.94) 0.570

Group SLB× 3months 2.34 (1.81 to 2.88) <0.001

Group SLB× 6months 2.54 (2.01 to 3.08) <0.001

Group SLB× 9months 2.77 (2.24 to 3.31) <0.001

Passive extraction space closure Intercept 4.15 (3.32 to 4.98) <0.001

Group SLB −0.13 (−0.46 to 0.20) 0.427

Time 3 months −0.09 (−0.19 to 0.03) 0.108

Time 6 months −0.19 (−0.29 to −0.08) <0.001

Time 9 months −0.20 (0.01 to 0.36) <0.001

Age (years) −0.01 (−0.04 to 0.02) 0.660

(Continues)
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TABLE 3 | (Continued)

Jaw Parameter Predictor Estimate (β) (95% CI) p-Value

Gender (male) 0.20 (−0.13 to 0.53) 0.226

Malocclusion Class II 0.09 (−0.23 to 0.41) 0.575

Group SLB×Time 3 months −0.03 (−0.17 to 0.11) 0.704

Group SLB×Time 6 months −0.10 (−0.25 to 0.05) 0.185

Group SLB×Time 9 months −0.11 (−0.26 to 0.04) 0.130

Mandible Little’s irregularity index Intercept 7.50 (6.36 to 8.64) <0.001

Group SLB −0.10 (−0.60 to 0.40) 0.694

Time 3 months −2.09 (−2.40 to −1.77) <0.001

Time 6 months −4.29 (−4.60 to −3.97) <0.001

Time 9 months −7.20 (−7.52 to −6.88) <0.001

Age (years) 0.02 (−0.03 to 0.07) 0.435

Gender (male) 0.12 (−0.32 to 0.55) 0.596

Malocclusion Class II −0.36 (−0.79 to 0.07) 0.107

Group SLB×Time 3 months −0.60 (−1.05 to −0.15) 0.009

Group SLB×Time 6 months −0.37 (−0.82 to 0.08) 0.105

Group SLB×Time 9 months −0.10 (−0.55 to 0.35) 0.662

Intercanine width (mm) Intercept 29.88 (24.81 to 34.95) <0.001

Group SLB −0.39 (−2.33 to 1.55) 0.694

Time 3 months 0.24 (−0.26 to 0.75) 0.347

Time 6 months 1.20 (0.70 to 1.71) <0.001

Time 9 months 1.39 (0.88 to 1.89) <0.001

Age (years) 0.04 (−0.16 to 0.25) 0.674

Gender (male) 1.81 (−0.15 to 3.76) 0.074

Malocclusion Class II −1.28 (−3.21 to 0.65) 0.199

Group SLB×Time 3 months −1.39 (−2.10 to −0.67) <0.001

Group SLB×Time 6 months −1.69 (−2.40 to −0.97) <0.001

Group SLB×Time 9 months −1.53 (−2.24 to −0.82) <0.001

Intermolar width (mm) Intercept 43.54 (40.05 to 47.04) <0.001

Group SLB −0.73 (−2.07 to 0.62) 0.294

Time 3 months −0.11 (−0.49 to 0.26) 0.554

Time 6 months 0.37 (−0.01 to 0.75) 0.055

Time 9 months 0.71 (0.34 to 1.09) <0.001

Age (years) −0.07 (−0.21 to 0.08) 0.375

Gender (male) 0.50 (−0.85 to 1.85) 0.468

Malocclusion Class II −0.36 (−1.69 to 0.97) 0.596

Group SLB×Time 3 months 2.06 (1.52 to 2.59) <0.001

Group SLB×Time 6 months 2.26 (1.72 to 2.79) <0.001

Group SLB×Time 9 months 2.34 (1.81 to 2.88) <0.001

Passive extraction space closure Intercept 4.62 (3.77 to 5.46) <0.001

Group (SLB vs. CB) −0.15 (−0.48 to 0.18) 0.374

(Continues)
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maxillary and mandibular arches (all p <0:001). These findings
indicate that CBs consistently produced greater increases in
intercanine width than SLBs over time.

Previous studies, however, have reported mixed findings. Fleming
et al. [15] in the UK observed a mean difference of −0.32mm (95%
CI: −1.15 to 0.51), indicating a slightly smaller increase with PSLB,
although the difference was not statistically significant. Pandis
et al. [18] in Greece reported a similar nonsignificant trend toward
reduced expansion with PSLB (mean difference −0.50mm; 95%
CI: −1.06 to 0.06). In a multicenter randomized trial, Pandis et al.
[16] reported a significantly smaller increase in intercanine width
in patients treated with SLBs compared with CBs. Similarly, a
meta-analysis incorporating 17 clinical trials found a modest but
statistically significant tendency toward greater intercanine expan-
sion with CBs (mean difference−0.51mm; 95%CI:−0.85 to−0.17)
[17]. However, these findings should be interpreted with caution
when compared with the present study. Most of the included
studies, including those by Pandis et al., were conducted in non-
extraction patients and primarily evaluated mandibular arch
changes. In contrast, all participants in the present study under-
went extraction treatment, which introduces different biomechan-
ical considerations, including canine distalization into a wider
portion of the dental arch and spontaneous dimensional changes
associated with extraction space closure. These treatment-related
differences may partly explain the greater magnitude of interca-
nine width changes observed in our study compared with those
reported in previous nonextraction investigations. Meanwhile,
Scott et al. [14] in the USA, as well as several other randomized
trials, observed nonsignificant differences between bracket types
[3, 15]. Several factors may explain the variability in intercanine
width reported across studies, including differences in age, gender
distribution, severity of crowding, and malocclusion characteris-
tics. Not all trials consistently reported or adequately controlled for
these baseline variables, thereby limiting the direct comparability
of outcomes. Additionally, individual variations in perioral mus-
culature and functional forces may influence transverse dental
changes during the alignment phase. Variations in treatment
mechanics among studies, particularly regarding the use of
adjunctive expansion appliances, may have further contributed
to the observed heterogeneity in intercanine width changes. For
example, the incorporation of expanders such as the quad helix in
some conventional bracket protocols, as reported by Atik and

Ciger [23], may have confounded the observed transverse changes
and contributed to greater intercanine or intermolar expansion
independent of bracket design.

The magnitude of the differences in our study is higher than
those reported in previous trials, which largely involved nonex-
traction cases. In our cohort, all patients underwent extraction
treatment, and canine distalization into a wider arch during pas-
sive space closure contributed to greater transverse expansion in
both the maxilla and mandible. In the self-ligating bracket (SLB)
group, the mechanics resembled the effect of a Frankel appliance
[12], where perioral soft tissue forces help retain canine expan-
sion while allowing distalization without additional transverse
expansion. This combination of passive space closure and natural
perioral force restraint resulted in controlled canine movement
yet still contributed to significant intercanine width changes.
Consequently, the biomechanical effects of extraction, distaliza-
tion, and SLB mechanics together explain why the observed dif-
ferences between conventional and SLBs in our study are larger
than those previously reported in nonextraction cases.

For intermolar width, SLBs demonstrated significantly greater
transverse expansion than CBs throughout the observation period.
Mixed-effects regression analysis showed significant group-by-
time interactions as early as 3 months, with mean differences of
2.34mm in the maxilla and 2.06mm in the mandible (both
p <0:001). This difference increased at 6 months (maxilla: 2.54
mm; mandible: 2.26mm; both p <0:001) and remained significant
at 9 months (maxilla: 2.77 mm; mandible: 2.34 mm; both
p <0:001). These findings indicate that SLBs achieved greater
transverse intermolar expansion over time than CBs. The observed
expansion is likely attributable to dentoalveolar tooth movement
and minor buccal tipping rather than true skeletal widening.
These results suggest that SLBs achieved modest but statistically
significant transverse expansion over time, likely due to align-
ment-related tooth movement and minor tipping rather than
true skeletal widening. The greater increase in intermolar width
observed with SLBs in the present study is best explained by den-
toalveolar rather than skeletal mechanisms. Reduced friction in
self-ligating systems allows for more efficient expression of the
preformed transverse archwire shape, facilitating lateral move-
ment of posterior teeth during alignment and leveling. The use
of broader archform wires further contributes to transverse

TABLE 3 | (Continued)

Jaw Parameter Predictor Estimate (β) (95% CI) p-Value

Time: 3 months (T1) −0.09 (−0.21 to 0.03) 0.161

Time: 6 months (T2) −0.17 (−0.29 to −0.05) 0.005

Time: 9 months (T3) −0.21 (−0.33 to −0.10) <0.001

Age (years) −0.02 (−0.06 to 0.01) 0.217

Gender (male) 0.11 (−0.22 to 0.43) 0.523

Malocclusion Class II −0.11 (−0.43 to 0.22) 0.520

Group×Time 3 months 0.06 (−0.11 to 0.23) 0.508

Group×Time 6 months −0.07 (−0.24 to 0.10) 0.408

Group×Time 9 months −0.14 (−0.31 to 0.03) 0.099
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development [23], primarily through buccal tipping and limited
bodily movement of the molars within the alveolar bone rather
than true skeletal expansion. Moreover, the absence of elastomeric
ligatures may lessen perioral muscular constraints, permitting pas-
sive adaptation of the posterior segments to the archwire form over
time. The early emergence of significant differences at 3 months,
with progressive increases at six and 9 months, supports the notion
that posterior expansion with SLBs occurs gradually through
alignment-related tooth movement and transverse archwire
expression. These findings were further substantiated by mixed-
effects regression analysis, which confirmed significantly greater
transverse expansion in both maxillary and mandibular intermo-
lar widths with SLBs.

Atik et al. [23] conducted an RCT comparing SLBs and CBs in
patients with Class I maxillary constriction. Although the increase
in intermolar width was not statistically significant, it was greater
in the CB group than in the SLB group. The difference between
their findings and ours may be attributed to the use of a quad helix
appliance for expansion in the CB group, while no expander was
used in the SLB group. This suggests that SLBs alone are capable of
producing intermolar expansion, as observed in our study.
Another prospective randomized controlled trial comparing CBs
and SLBs also found a significant difference in intermolar width,
with greater expansion observed in the SLB group than in the CB
group (p¼ 0:009) [15]. Similar other trials also shown that inter-
molar width is significantly large in patients receiving treatment
with SLB (especially passive) than CB [4, 16, 18, 24].

Our findings showed that passive extraction space closure pro-
gressed similarly in both self-ligating and CBs over a 9-month
period. Differences between groups at 3 and 6 months were not
statistically significant, and the small difference observed at
9 months in the mandible was clinically negligible. Regression
analysis confirmed that the bracket type did not influence space
closure, with time being the main factor driving reduction. These
results indicate that passive space closure is primarily deter-
mined by tooth alignment and archwire sequence rather than
bracket design. Although SLBs reduce friction, this does not
appear to provide a meaningful advantage during this phase of
treatment, suggesting that both systems are equally effective for
managing extraction spaces. Similar results were reported by
previous studies [13, 25–28].

4.1 | Clinical Implications

The observed reduction in alignment time of ~1.25 months,
although statistically significant, represents a relatively small dif-
ference when considered in the context of overall orthodontic
treatment duration and is therefore likely to have a limited clinical
impact. While this difference may contribute to earlier improve-
ment in alignment during the initial treatment phase, it is unlikely
to influence the total length of treatment. In contrast, the ~2mm
increase in intermolar width may be regarded as clinically rele-
vant, particularly in extraction cases where transverse arch control
is important. However, the clinical significance of this finding
should be interpreted with caution as the stability of the transverse
changes and their underlying dentoalveolar or skeletal nature
were not assessed. Further studies with longer follow-up are
required to determine the long-term implications of these findings.

4.2 | Limitations

This study has several limitations. First, incisor and molar inclina-
tions were not measured, which may have influenced the inter-
pretation of arch dimensional changes and space closure
mechanics. Second, patients were not followed until completion
of treatment, so possible differences in total treatment duration
between the bracket systems could not be assessed. Third, treat-
ment was carried out by more than one operator, which may have
introduced some variation in clinical procedures. Although opera-
tor blinding was not possible, outcome assessment was performed
by a blinded examiner to reduce measurement bias. Fourth, this
was a single-center study, which may limit the generalizability of
the findings to other settings or populations. Fifth, the trial was
registered retrospectively rather than prospectively, which should
be considered when interpreting the overall methodological trans-
parency of the study. Sixth, although age was included as a covari-
ate in the statistical models, the study included adolescent patients
whomay have been at different stages of growth and development.
Therefore, growth-related changes in arch dimensions cannot be
completely excluded as a potential confounding factor. Finally,
cone-beam computed tomography (CBCT) was not used to assess
buccal bone support or dentoalveolar changes, so the biological
basis and long-term stability of the observed transverse changes
could not be fully evaluated.

5 | Conclusion

Within the limitations of this study, SLBs demonstrated faster early
alignment, smaller increases in intercanine width, and greater
intermolar expansion during the alignment phase compared with
CBs. No significant difference was observed between SLBs and CBs
with respect to passive extraction space closure. However, the mag-
nitude of these differences was modest and did not support the
overall clinical superiority of either appliance system. Therefore,
bracket selection should continue to be based on clinical judge-
ment, treatment objectives, and operator preference.
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